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(54) Washing apparatus for membrane module 

(57) After valves 76, 86, 94, 104 are opened, and 
valves 74, 84, 96, 106 are closed, a compressor 68 
starts to operate to feed compressed air into a tank 62 
and the surface. of washing water is pressed by the air. 
In accordance with this, the washing liquid in the tank 
62 is fed to the lower portion of a vessel 64, flows from 
the inside of a socket 25 into feed washing channels of 



a membrane module 66, flows upwardly in the channels, 
flows out from the uppermost end of the module 66, and 
then flows into a tank 60 via a pipe 90. After that, each 
valve is revered of its open and close, so that the wash- 
ing liquid in the tank 60 is fed into the lower portion of 
the vessel 64, wash the module 66 and then flows into 
the tank 62. 
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1 

Description 

[0001] The present invention relates to washing ap- 
paratus for a membrane module including a spiral 
wound type membrane module (in this specification, this 
means membrane elements) used in a membrane sep- 
aration device such as a microfiltration device, ultrafil- 
tration device, or reverse osmosis membrane separa- 
tion device. 

[0002] As a membrane module used for a membrane 
separation device, there has been known a spiral wound 
type membrane module in which separation mem- 
branes are wound around the outer circumference of a 
water collection pipe. 

[0003] Fig. 5 is a perspective view, partly exploded, 
showing a structure of a conventional spiral wound type 
membrane module. 

[0004] A plurality of envelope-like membranes 2 are 
wound onto a water collection pipe 1 with mesh spacers 
3 being put between the membranes. 
[0005] The water collection pipe 1 is provided with a 
slit-like opening for allowing the communication be- 
tween the outside and the inside of the pipe. The mem- 
branes 2 are each formed in an envelope shape, inside 
of which communicates with the inside of the water col- 
lection pipe 1. Inserted into each envelope-like mem- 
brane 2 is an inside spacer 4 such as mesh-like spacer, 
for forming a channel inside the membrane, so that the 
inside of the envelope-like membrane (hereinafter, 
sometimes referred to as just "membrane") 2 constitutes 
a permeated water channel. 

[0006] The opposite ends of a roll 5 of the membranes 
2 are provided with a top ring 6 and an end ring 7 at its 
flanges and brine seals 8 are fitted around the top ring 
6 and the end ring 7. 

[0007] Feed water flows from the front end of the 
membrane roll 5 into a feed water channel between the 
membranes 2 and further flows in the longitudinal direc- 
tion of the membrane roll 5 . Nonpermeated water is out- 
putted from the rear end of the membrane roll 5. During 
the water passes in the feed water channels, the water 
permeates through the membranes 2 and flows into the 
pipe 1 and is taken out from the rear end of the pipe 1 
as permeated water. 

[0008] When the membrane module is foulded, it is 
cleaned by flowing permeated washing or cleaning 
agents containing water into the permeated washing 
channels or the feed washing channels reversely. How- 
ever, the conventional membrane module has required 
a lange volume of permeated washing or cleaning 
agents. 

[0009] The conventional spiral wound type mem- 
brane module shown in Fig. 5 has also the following de- 
tects: 

1) The water collection pipe 1 must have larger di- 
ameter to obtain a great flux within the pipe 1 . How- 
ever, this also makes the diameter of the spiral 



2 

wound type membrane module larger. 

2) The permeated water flows in each-membrane 
spirally to the water collection pipe 1 , so that a flow 
resistance increases in the membrane. A flow re- 

s sistance is also high around the slit-like openings 
through which the permeated water flows from the 
inside of the membrane into the water collection 
pipe. 

3) A volume of the feed water flowing in the feed 
io water channels decreases as the feed water flows 

to the outlet by permeation into the envelope-like 
membranes, and a flow velosity of the feed water 
becomes small in a downstream region of the feed 
water channels whereby the membranes are easy 
is to be foulded therearound. 



[0010] It is an aim of the present invention to provide 
a washing apparatus for a membrane module capable 
of washing the membrane module sufficiently with a 
20 small volume of cleaning washing and agents. 

[0011] It is another aim of the present invention to pro- 
vide a washing apparatus suitable for a spiral wound 
type membrane module. 

[0012] A washing apparatus for a membrane module 
25 of the present invention comprises a vessel for accom- 
modating the membrane module, a first tank and a sec- 
ond tank respectively for accommodating washing liquid 
for washing the membrane module, a compressed gas 
feeding device capable of feeding compressed gas into 
30 the first and second tanks to flow out the liquid there- 
from, and a conduit selecting devices capable of select- 
ing both of a first selection and a second selection. In 
the first selection compressed gas is fed into the first 
tank, the liquid in the first tank is fed into the vessel to 
3S wash the membrane module accommodated therein, 
and washing waste is led from the vessel to the second 
tank. In the second direction compressed gas is fed into 
the second tank, the liquid in the second tank is fed into 
the vessel to wash the membrane module, and washing 
40 waste is led from the vessel to the first tank. 

[0013] When the membrane module is washed by the 
washing apparatus of the invention, the washing liquid 
in the first tank is fed into the vessel to wash the mem- 
brane module, and the vessel waste is led into the tank. 
45 After that, the liquid in the second tank is fed into the 
vessel to wash the membrane module. 
[0014] The washing liquid is used repeated in the 
above manner, so that only a small volume of washing 
liquid is required. 
so [0015] In the present invention, the conduit selecting 
device may continue to feed compressed gas to the tank 
for a predetermined period of time even after the liquid 
in the tank is entirely fed into the vessel, whereby the 
membrane module in the vessel is washed not only by 
55 the liquid but also gas-liquid mixed fluid and gas. 

[0016] Embodiments of the present invention will now 
be described, by way of example only, with reference to 
the accompanying drawings, in which: - 
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Fig. 1a is a perspective view showing one of enve- 
lope-like membranes suitable for being washed by 
an apparatus according to an embodiment; 
Fig. 1b is a sectional view taken along the line B-B 
of Fig. 1a; 

Fig. 1c is a sectional view taken along the line C-C 
of Fig. 1a; 

Fig. 2 is a sectional view illustrating a way of winding 
the membranes of a spiral wound type membrane 
module according to the embodiment; 
Fig. 3 is a perspective view showing the engage- 
ment between the membrane roll and a socket; and 
Fig. 4 is a side view of the spiral wound type mem- 
brane module according to the embodiment. 
Fig. 5 is a perspective view showing the structure 
of a conventional spiral wound type membrane 
module; 

Fig! 6 is a sequential view of a washing apparatus 
for. a membrane module according to the present 
invention. 

[001 7] Preferred embodiments of the invention will be 
described with reference to the drawings. 
[0018] Fig. 6 is a sequential view of the washing ap- 
paratus according to the embodiments of the invention. 
The washing apparatus comprises a vessel 64 accom- 
modating a membrane module 66 therein, a first tank 
60 and a second tank 62 respectively for accommodat- 
ing washing liquid therein, and a compressor 68 for 
feeding compressed air to the tanks 60, 62. 
[001 9] The compressor 68 is communicated to upper 
portions of the tanks 60, 62 via pipes 70, 72 having 
valves 74,76 respectively, and lower portions of the 
tanks 60,62 are communicated to an upper portion of 
the vessel 64 via pipes 80, 82 having valves 84,86. 
[0020] An upper portion of the vessel 64 is communi- 
cated to the upper portions of the tanks 60, 62 via pipes 
90, 92 having values 94, 96. Air bleeding pipes 100, 102 
having valves 1 04, 1 06 are in connection with the upper 
portions of the tanks 60,62. 

[0021] The membrane module 66 is of a spiral wound 
type having envelope-like membranes wound spirally to 
form a roll as described later with reference to Figs. 1 to 
4. Feed water flows from an upper end thereof in the 
drawings into feed water channels formed between en- 
velope-like membranes. 

[0022] N on permeated water flows out from a central 
region ( inside a socket 25 ) of a lower end there of in 
the drawings, and permeated washing flows from a pe- 
ripheral region outside the socket 25. 
[0023] In a state shown in Fig. 6, washing liquid in the 
tank 62 is being fed into the vessel 64 to wash the mem- 
brane module 66, and washing waste therefrom is being 
led into the tank 60. Namely, after the valves 76, 86, 94, 
104 are opened, and the valves 74, 84, 96, 106 are 55 
closed, the compressor 68 starts to operate to feed com- 
pressed air into the tank 62 and the surface of the wash- 
ing water is pressed by the air. In accordance with this, 



the washing liquid in the tank 62 is fed to the lower por- 
tion of the vessel 64, flows from the inside of the socket 
25 into the feed washing channels of the membrane 
module 66, flows upwardly in the channels, flows out 
from the uppermost end of the module 66, and then 
flows into the tank 60 via the pipe 90. 
[0024] When the washing operation is kept with time, 
the tank 62 becomes vacant and air is fed to the vessel 
64 whereby the membrane module 66 is washed by air- 
liquid mixed fluid. The residual liquid in the membrane 
module 66 is then pushed out entirely therefrom. It is 
preferable to keep air fed thereinto for a predetermined 
period of time. 

[0025] It is also preferable that a device 1 1 0 for feed- 
ing compressed air to the permeated washing channels 
of the module 66, and the permeated washing channels 
are washed by air after the feed washing channels are 
washed by air. 

[0026] After that, each valve is revered of its open and 
close, so that the washing liquid in the tank 60 is fed into 
the lower portion of the vessel 64, wash the module 66 
and then flows into the tank 62. 

[0027] Namely, after the valves 76, 86, 94, 104 are 
closed, and the valves 74, 84, 96, 106 are opened, the 
compressor 68 starts to operate to feed compressed air 
into the tank 60 and the surface of the washing water is 
pressed by the air. In accordance with this, the washing 
liquid in the tank 60 is fed to the lower portion of the 
vessel 64, flows from the inside of the socket 25 into the 
feed washing channels of the membrane module 66, 
flows upwardly in the channels, flows out from the up- 
permost end of the module 66, and then flows into the 
tank 62 via the pipe 90. 

[0028] When the washing operation is kept with time, 
the tank 60 becomes vacant and air is fed to the vessel 
64 whereby the membrane module 66 is washed by air- 
liquid mixed fluid. The residual liquid in the membrane 
module 66 is then pushed out entirely therefrom. It is 
preferable to keep air fed thereinto for a predetermined 
period of time. 

[0029] It is also preferable that the permeated wash- 
ing channels are washed by air after the feed washing 
channels are washed by air. 

[0030] If necessary the above washing cycle is circu- 
lated to wash the membrane module sufficiently. 
[0031 ] According to the washing apparatus, the wash- 
ing liquid is circulated between the tanks 60, 62 and 
used for washing repeatedly as described above, the 
washing liquid is required in a small volume. ( An almost 
same volume of the washing liquid to a volume of the 
vessel 64 is enough. ) A direction of the liquid between 
the tanks 60, 62 is quite easy to be reversed only by 
reversing the open and close state of each value. The 
membrane module is washed sufficiently by liquid, air- 
liquid mixed fluid and air. 

[0032] Though the washing liquid is fed into the feed 
water channels of the membrane module 66 in the em- 
bodiment shown in Fig. 6, the washing liquid may be fed 
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into the permeated water channels whereby the wash- 
ing waste is flown out from the feed water channels. 
[0033] Various gases including nitrogen and argon 
may be employed instead of air as used in the above 
embodiment. Various kinds of washing liquid such as 
water, liquidous cleaning agents, water solution of a 
cleaning agent can be used in the present invention. 
[0034] Preferable embodiments of the spiral around 
type membrane module 66 will be described hereafter 
with reference to Figs. 1 to 4. 

[0035] Fig. 1a is a perspective view showing one of 
envelope-like membranes and a shaft onto which the 
membranes are wound, which are used in a spiral 
wound type membrane module of an embodiment of the 
present invention. Figs. 1b and 1c are sectional views 
taken along the line B-B and the line C-C of Fig. 1a, re- 
spectively. Fig. 2 is a sectional view illustrating a way of 
winding the membranes around the circumference of 
the shaft, Fig. 3 is a perspective view showing the en- 
gagement between the membrane roll and a socket, and 
Fig. 4 is a side view of the spiral wound type membrane 
module. 

[0036] Each envelop-like membrane 10 according to 
this embodiment is formed in a square or rectangle hav- 
ing a first edge 11, a second edge 12, a third edge 13, 
and a fourth edge 14. The membrane 10 comprises a 
long sheet of membrane film which is folded at the sec- 
ond edge -12 into two halves which are bonded to each 
other along the first edge 1 1 and the third edge 1 3 with 
adhesives and are not bonded to each other to have an 
opening along a part of the fourth edge 14 to form an 
envelope shape. 

[0037] The halves of the membrane film are not bond- 
ed to each other along a part of the fourth edge 1 4 from 
a halfway of the fourth edge 14 to the third edge 13 to 
form an outlet 30 for permeated water. The halves of the 
membrane film are bonded to each other along a rest of 
the fourth edge 14 from the halfway of the fourth edge 
14 to the first edge 11 so as to form a blocking part 31 
for blocking the flow of the permeated water. 
[0038] Disposed inside the membrane 10 is a spacer 
(for example, comprising a mesh spacer) 15 for forming 
a channel inside the membrane 10. Instead of a sheet 
of membrane film 1 0 which is folded at the second edge 
12 into two halves, two membrane films may be used. 
In this case, the membrane films are bonded along the 
first edge 1 1 ,.the second edge 1 2, the third edge 1 3, and 
a part of the forth edge 14 to each other. 
[0039]. Adhesive 16 is applied to one surface of the 
membrane 10 and adhesives 17, 18 are applied to the 
other surface of the membrane 10. A plurality of such 
membranes 10 are wound around the circumference of 
a shaft 20 to form a membrane roll. The adhesive 16 is 
applied along the first edge 11 and the adhesive 17 is 
applied along the third edge 13. The adhesive 18 is ap- 
plied from the half way of the fourth edge 1 4 to the third 
edge 1 3 along the outlet 30 for permeated water. 
[0040] Upon winding the plurality of membranes 10 
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onto the shaft 20, the membranes 10 superposed on 
each other are watertightly bonded to each other at por- 
tions where the adhesives 1 6, 1 7, 1 8 are applied. There- 
fore, a feed water channel is formed between every ad- 

s jacent two of the membranes 10, 10. As the adhesive 
18 sets, on the rear end of the membrane roll, an outlet 
for raw water (nonpermeated water) is formed inside 
and a blocking part for blocking the flow of raw water is 
formed outside. 

10 [0041] Each fin 19 is disposed to extend backward 
from a boundary between the outlet 30 for permeated 
water and the blocking part 31 for blocking the flow of 
permeated water. The fin 1 9 may be made of a synthetic 
resin film or sheet and is preferably bonded to the mem- 

f£ brane 10 with adhesives. 

[0042] The membranes 1 0 are wound around the cir- 
cumference of the shaft 20 by way of mesh spacers 29 
as shown in Fig. 2 so as to form the membrane roll 24 
as shown in Fig. 3. The fins 1 9 project from the rear end 

20 of the roll 24. The fins 1 9 are disposed at the same por- 
tions on the fourth edges 14 of the respective mem- 
branes 10 in such a manner that the fins 19 are posi- 
tioned apart from the axis of the roll 24 at the same dis- 
tance in the radial direction and the fins 1 9 are partly 

2S superposed on each other so as to constitute a ring-like 
protrusion. Inserted into the ring-like protrusion is the 
rear end of a cylindrical socket 25. The socket 25 and 
the fins 1 9 are then bonded to each other by adhesives. 
The socket 25 may be fitted to the outside of the protru- 

30 sion made by the fins 1 9. Instead of the fins 1 9, the roll 
24 may be provided with a slit formed at a portion cor- 
responding to the fins 19 by a lathe and the socket 25 
may be embedded into the slit. 

[0043] The socket 25 and the fins 1 9 are bonded to 
35 each other so that the rear end of the roll 24 is divided 
into an outlet area for permeated water outside the sock- 
et and an outlet area for nonpermeated water inside the 
socket 25. 

[0044] Before winding the membranes 10 onto the 
40 shaft 20, mesh spacers 29 are disposed between the 
membranes 10 as shown in Fig. 2. By disposing the 
mesh spacers 29 between the membranes 10, the feed 
water channel is formed. 

[0045] As shown in Fig. 4, a top ring 26 and an end 
45 ring 27 are formed at both ends of the roll 24 by synthetic 
resin molds or the like and brine seal 28 are fitted to the 
periphery of the top ring 26. 

[0046] In the thus constituted spiral wound type mem- 
brane module, feed water is supplied from the front end 

so of the roll 24 into the feed water channel between the 
membranes 10 as shown in Fig. 4. The feed water flows 
in the channel in the direction almost parallel to the axis 
of the roll 24 and is then taken out from the area inside 
the socket 25 at the rear end of the roll 24. During the 

ss feed water flows in the feed water channels in this man- 
ner, the water permeates through the membranes 1 0 so 
that the permeated water is taken out from the area out- 
side the socket 25 at the rear end of the roll 24. 
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[0047] In this module, since the permeated water 
flows through the membranes 1 0 in the direction parallel 
to the axis of the roll 24 and is taken out from the rear 
end, a water collection pipe used in a conventional spiral 
wound type membrane module is no longer necessary. 5 
Therefore, this can avoid the flowing resistance of the 
water when flowing from the membranes into the water 
collection pipe, thereby significantly reducing the flow- 
ing resistance of the permeated water. 
[0048] As the water collection pipe can be eliminated, 10 
the length of the membrane 10 can be increased in the 
winding direction so as to increase the membrane area. 
Even with the membrane having increased length in the 
winding direction, the flowing resistance of the perme- 
ated water is not grown up. This allows greater flux to t$ 
be obtained. 

[0049] The outlet area of the raw water channel is only 
positioned inside the socket 25. 
[0050] That is, the module has such a structure that 
the outlet of the feed water channel (i.e. the down- 20 
stream) are narrowed. Therefore, high flow rate of feed 
water (nonpermeated water) is obtained even in the 
downstream of the feed water channel, thereby prevent- 
ing the fouling at the downstream of the feed water chan- 
nel. The areas inside and outside the socket 25 (the 25 
length of the adhesive 1 8 along the fourth edge 1 4) are 
preferably decided corresponding to the rate of perme- 
ated water collection in this spiral wound type mem- 
brane module. 

[0051] Since the socket 25 is connected to the roll 24 30 
by using the fins 19, the bond strength between the 
socket 25 and the roll 24 is high. The outlet area for per- 
meated water and the outlet area for nonpermeated wa- 
ter are watertightly divided from each other by the socket 
25. 35 
[0052] Though the outlet area for permeated water is 
disposed outside the socket 25 and the outlet area for 
nonpermeated water is disposed inside the socket 25 in 
this embodiment of Figs. 1 to 4, conversely the outlet 
area for permeated water may be disposed inside the 40 
socket 25 and the outlet area for nonpermeated water 
may be disposed outside the socket 25. 
[0053] As mentioned above, in the washing apparatus 
for a membrane module of the present invention, the 
membrane module can be washed sufficiently with a 45 
small volume of washing water and cleaning agents. 
Washing by liquid, washing by air-liquid mixed fluid, and 
washing by gas including air may be performed simul- 
taneously or sequentially in the present invention. 

so 

Claims 

1 . A washing apparatus for a membrane module com- 
prising ss 

a vessel for accommodating the membrane 
module, 



a first tank and a second tank respectively for 
accommodating washing liquid for washing the 
membrane module, 

a compressed gas feeding device capable of 
feeding compress gas into the first and second 
tanks to flow out the liquid therefrom, and 
conduit selecting means capable of selecting 
both of a first selection and a second selection, 
wherein in the first selection compress gas is 
fed into the first tank, the liquid in the first tank 
is fed into the vessel to wash the membrane 
module accommodated therein, and washing 
waste is led from the vessel to the second tank, 
and 

wherein in the second direction compress gas 
is fed into the second tank,the liquid in the sec- 
ond tank is fed into the vessel to wash the mem- 
brane module, and washing waste is led from 
the vessel to the first tank. 

2. A washing apparatus as claimed in claim 1 , wherein 
said conduit selecting means continues to feed 
compressed gas to the tank for a predetermined pe- 
riod of time after the liquid in the tank is entirely fed 
to said vessel, and feed compressed gas from the 
tank to the vessel. 

3. A washing apparatus as claimed in claim 1 or 2, 
wherein said liquid in the tank is fed to an exit of a 
nonpermeated water or an entrance of permeated 
water of said membrane module in the vessel, and 
the washing waste flows out from an entrance of 
feed water of the membrane module. 

4. A washing apparatus as claimed in any of claims 1 
to 3, wherein said module is a spiral wound type 
membrane module comprising a plurality of mem- 
branes having a form of an envelope, permeated 
water spacers for forming permeated water chan- 
nels disposed inside the membranes, and feed wa- 
ter spacers for forming said feed water channels 
disposed between the membranes, 

wherein each membrane is formed in a sub- 
stantial rectangle having first, second, third and 
fourth sides, the first, second and third sides 
being closed and the fourth side being partly 
opened to have an opening and closed at a rest 
thereof to have a blocking portion, 
wherein the membranes are wound onto a shaft 
of the module to form a membrane roll so that 
the first sides perpendicular to the fourth sides 
are in contact with the shaft and the fourth sides 
are exposed on a rear end of the membrane 
roll, and the second sides opposite to the fourth 
sides are exposed on the front end of the mem- 
brane roll, and 

wherein each feed water channel between the 
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membranes is closed entirely along the third ond tank is fed into the vessel to wash the mem- 
side, closed to have a blocking portion along a brane module, and washing waste is led from 
portion of the fourth side corresponding to the the vessel to the first tank, 
opening of the membrane, and opened along a 
portion of the fourth side corresponding to the s 
blocking portion of the membrane. 

A membrane separation device comprising a mem- 
brane module and a washing apparatus thereof, 

10 

said module being a spiral wound type mem- 
brane module which comprises a plurality of 
membranes having a form of an envelope, per- 
meated water spacers for forming permeated 
water channels disposed inside the mem- 1 & 
branes, and feed water spacers for forming said 
feed water channels disposed between the 
membranes, 

each membrane being formed in a substantial 
rectangle having first, second, third and fourth 20 
sides, the first, second and third sides being 
closed and the fourth side which is partly 
opened to have an opening and closed at a rest 
thereof to have a blocking portion, 
the membranes being wound onto a shaft of the 25 
module to form a membrane roll so that the first 
sides perpendicular to the fourth sides are in 
contact with the shaft and the fourth sides are 
exposed on a rear end of the membrane roll, 
and the second sides opposite to the fourth 30 
sides are exposed on the front end of the mem- 
brane roll, and 

each feed water channel between the mem- 
branes being closed entirely along the third 
side, closed to have a blocking portion along a 3S 

portion of the fourth side corresponding to the * * 

opening of the membrane, and opened along a 

portion of the fourth side corresponding to the 

blocking portion of the membrane, 

said washing apparatus comprising *o 

a vessel for accommodating the membrane 

module, 

a first tank and a second tank respectively for 
accommodating washing liquid for washing the 
membrane module, 45 
a compressed gas feeding device capable of 
feeding compress gas into the first and second 
tanks to flow out the liquid therefrom, and 
conduit selecting means capable of selecting 
both of a first selection and a second selection, so 
wherein in the first selection compress gas is 
fed into the first tank, the liquid in the first tank 
is fed into the vessel to wash the membrane 
module accommodated therein, and washing 
waste is led from the vessel to the second tank, 55 
and 

wherein in the second direction compress gas 
is fed into the second tank the liquid in the sec- 
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